
............ ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ............ ........... ............ ........... ........... 

............ s 

........... 
............ . 

N A T I O N A L  AERONAUTICS A N D  SPACE A D M I N I S T R A T I O N .  

............ ........... ............ ........... ............ ........... ............ ............ ........... MSC INTERNAL NOTE NO.  68-FM-267 ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ 

O c t o b e r  28, 1968 

APOLLO MISSION F 
REFERENCE CONSUMABLES ANALYSIS :~:~:~:~:~:~:~:~:~:~:~: ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... 

u 

....... .... ... ....,*:.:.:.:.: ........... ............ 

.... .... 
:::: ...-.$..q. - 5.' .e ? 9  
::::$E..:.: 2' .......... ............ ............ ........... ............ . ........... ............ ........... ............ ........... ............ ........... ............ ........... ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ........... ............ ............ 

............. ::::::::::: '1 
,! 

* q,. 
3 ............ Pt, 

P e r f o r m a n c e  B r a n c h  

........... A N D  A N A L Y S I S  D I V I S I O N  

W O J N E D  S P A C E C R A F T  C E N T E R  
Y HOUSTON,TEXAS 

........ N 74-70698 ....... ........ ::::::::::::::: (1 ASA-T fi -X-6 962 8 )  APOLLC fi ISSIO1J F 

........ ::::I:: REFERENCE CONSUMABLES ANALYSIS (NASA) 

1 

. . . . . .  ........ ::::::::::::::: 2 8 p ....... ........ ....... ........ ....... ........ ....... U n c l a s  , 
O O / Y 9  16367 



rl 

MSC INTERNAL NOTE NO. 68 -FM-267  

PROJECT APOLLO 

APOLLO MISSION F 
REFERENCE CONSUVlABLES ANALYSIS 

By Martin L. Alexander, Arnold J. Loyd, Don A. Nelson, 
Richard M. Swalin, Richard C. Wadle, and Dwight G. Peterson 

Guidance and Performance Branch 

October 28, 1968 

MISSION PLANNING AND ANALYSIS DIVISION 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MANNED SPACECRAFTCENTER 

HOUSTON, TEXAS 

Approved: 
Marlowe D. Cassetti, Chief 
Guidance and Performance Branch 

Mission Planning and Analysis Division 



FOREWORD 

The following table summarizes the consumables requirements for 
Mission F. 

Consumable I 
CM RCS 

SM RCS 

SPS 

LM RCS 

DPS 

APS 

CSM O2 

CSM H2 

LM descent battery 

LM ascent battery 

LM descent O2 

LM ascent O2 

LM descent H20 

LM ascent H20 

Percentage of available used for 
mission planning 

12.6 

64.7 

90.5 
a 

67.0 

5.3 

5 .5  a 

77.3 

78.4 

36 

81 

6.8 

36.6 

22.2 

84.6 

a Analysis based on 100 percent APS loading 
iii 



. 

These r e s u l t s  were obtained from consumables analyses performed 
on t h e  Mission F RCS, SPS, A P S ,  DPS, EPS, and ECS. The d a t a  used i n  
t h e  RCS, EPS, and ECS analyses were assumed accurate  t o  w i t h i n  t10 percen t .  

A l l  analyses were performed p r i o r  t o  t h e  p u b l i c a t i o n  of t h e  f l i g h t  
p l a n  and reference t r a j e c t o r y ,  which i s  t h e  reason t h i s  document i s  
abbreviated.  A s  t h e  f l i g h t  p l an  i s  s p e c i f i e d ,  t h e  analyses  w i l l  be 
expanded and t h e  r e s u l t s  publ ished as updates t o  t h i s  document. 

i v  
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SYMBOLS 

AGS 

APS 

CDH 

CDR 

c .g .  

CM 

c02 

CSI 

C SM 

DOF 

D O 1  

DPS 

EC S 

EPS 

GNC S 

H2 

I f c  

IMU 

L I O H  

LM 

LIMP 

LO1 

abor t  guidance subsystem 

ascent  propuls ion  subsystem 

constant  d i f f e r e n t i a l  height  

commander 

cen te r  of g r a v i t y  

command module 

carbon d ioxide  

c o e l l i p t i c a l  sequence i n i t i a t i o n  

command and s e r v i c e  module 

degrees of freedom 

de sc  en t  o r b i t  i n s e r t i o n  

descent propuls ion  subsystem 

environmental c o n t r o l  subsystem 

e l e c t r i c a l  power subsystem 

guidance and naviga t ion  c o n t r o l  
sub s y s t em 

hydrogen 

f u e l  c e l l  cu r ren t  

i n e r t i a l  measurement u n i t  

l i t h ium hydroxide 

lunar  module 

LM p i l o t  

lunar  o r b i t  i n s e r t i o n  

V 



a 

MC C 

MPD 

midcourse c o r r e c t i o n  

main powered descent 

manual t h r u s t  vec to r  c o n t r o l  

oxygen 

primary guidance and navigat ion c o n t r o l  
sub system 

p rope l l an t  u t i l i z a t i o n  

r e a c t  i on  c o n t r o l  subsystem 

root-sum-square 

spacec ra f t  LM adapter  

s e r v i c e  module 

s e r v i c e  propuls ion subsystem 

l i f t - o f f  

t r a n s p o s i t i o n  and docking 

t r a n s e a r t h  i n j e c t i o n  

t r a n s l u n a r  midcourse 

t r a n s  e a r t h  midcours e 

t e rmina l  phase f i n a l i z a t i o n  

t e rmina l  phase i n i t i a t i o n  

Vi 
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1 . 0  THE CM RCS ANALYSIS 

TABLE 1-1.- CM RCS PROPELLANT SUMMARY 

Description 

Loaded 

Trapped 

Temperature variation 

Available f o r  mission planning 
a Nominal usage 

Operational reserve 

RCS propellant 
used, lb 

32.4 

6.4 

29.4 

RCS propellant 
remaining , lb 

270 .o 

237.6 

231.2 

231.2 

201.8 

201.8 

~~ 

&From reference 1. 
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2.0  THE SM RCS ANALYSIS 

TABLE 2-1.- SM RCS PROPELLANT SUMMARY 

Des c r  i p t  ion 

Maximum loaded 

Unu s ab 1 e 

Loading and temperature 
dispers ions 

Trapped and unexpelled 

Mixture r a t i o  and gauging 
allowance 

Available for mission planning 

Nominal usage 

Translunar phase 

Lunar orbit phase 

Transearth phase 

Operational reserve 

Propel lant  l oad ,  
lb 

31 

27 

82 

185 

509 

97 

~ 

Propel lant  
remaining , l b  

1362 

1331 

1304 

1222 

1222 

10 37 

528 

4 31 

4 31 
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3.0 THE SPS ANALYSIS 

TABLE 3-1.- ASSUMPTIONS MADE I N  THE SPS CONSUMABLES ANALYSIS 

1. Loaded propel lant  - This i s  t h e  SUT of 39 754 l b  of tanked p rope l l an t  
( r e f .  2 ,  Mission F )  and 202 l b  of p rope l l an t  t rapped o u t s i d e  t h e  t anks  
( r e f .  2 ,  Mission G I .  

2.  
use  and includes p rope l l an t  t rapped as vapor and i n  t h e  r e t e n t i o n  
r e s e r v o i r .  

Trapped propel lant  - This p rope l l an t  i s  phys ica l ly  unavai lable  f o r  

3. 
due t o  a mixture r a t i o  unce r t a in ty  wi th in  t h e  l i m i t s  of t h e  unbalance 
meter and PU value operat ion.  This includes p rope l l an t  cos t  due t o  
meter uncertainty and gauging system accuracy. 

Mixture r a t i o  unce r t a in ty  - There can be a p rope l l an t  cos t  of 245 l b  

4. 
imately 1 4 . 4  l b  f o r  each burn. 

S t a r t  l o s s e s  - There i s  a nonpropulsive p rope l l an t  l o s s  of approx- 

5. 
p rope l l an t  loading u n c e r t a i n t i e s .  
i n  t h e  d i spe r s ions .  

P rope l l an t  ava i l ab le  f o r  AV - This number does not account f o r  
Loading u n c e r t a i n t i e s  are included 

(See i t e m  7 below and t a b l e  3-11.) 

6 .  
cu r ren t  es t imates .  

Propel lant  required f o r  AV - Tra jec to ry  AV requirements a r e  b e s t  

7 .  
due t o  loading u n c e r t a i n t y ,  performance d i spe r s ion ,  and GNCS d i spe r s ions .  

Dispersions - There i s  a prel iminary estimated d i s p e r s i o n  of 300 l b  

8. 
LM rescue of  650 f p s .  Actual p rope l l an t  usage f o r  LM rescue i s  2315 l b .  
However, t h e r e  would be a p rope l l an t  saving of 496 l b  f o r  T E I  due t o  t h e  
l i g h t e r  spacecraf t  and of 385 l b  due t o  c a n c e l l a t i o n  of t h e  nominal 
rendezvous. Hence, t o t a l  p rope l l an t  cos t  f o r  LM rescue i s  1434 l b .  

LM rescue propel lant  - This i s  t h e  p rope l l an t  c o s t  f o r  a worst case 
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5.0 THE DPS ANALYSIS 

TABLE 5-1.- ASSUMPTIONS FOR THE DPS ANALYSIS 

1. Usable propel lant  - This was obtained from re fe rence  2.  

2.  P rope l l an t  required f o r  AV - This i s  based on t h e  assumptions of a 
10  percent  t h r u s t  l e v e l  (worst ca se )  and a s p e c i f i c  impulse of 289 seconds. 

3. Due t o  t h e  l a rge  p rope l l an t  quan t i ty  remaining and t h e  l a c k  of 
knowledge of d a t a  f o r  t h i s  mission, t h e r e  i s  no p rope l l an t  allowance 
made f o r  performance d i spe r s ions  or mission cont ingencies .  
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6.0 THE APS ANALYSIS 

TABLE 6-1.- ASSUMPTIONS FOR THE APS ANALYSIS 

1. Usable propellant - This was obtained from reference 2. 

2. 
impulse of 306.3 seconds (ref. 3). 

Required for AV - Burns using the APS engine assumed a specific 

3. 
and very little knowledge of mission data at this time. 
is no propellant allowance made in this analysis for performance 
dispersions or  mission contingencies. 

As with the DPS, there is a large amount of propellant remaining 
Hence there 

. 
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7 . 0  THE CSM EPS ANALYSIS 

TABLE 7-1.- ASSUMPTIONS FOR THE EPS ANALYSIS 

1. 

2 .  
( l b / h r )  . 

EPS hydrogen consumption r a t e  = .00257 x IFc ( l b / h r ) .  

EPS oxygen consumption r a t e  = 7.936 x hydrogen consumption r a t e  

3. The system w a s  assumed t o  operate  with two i n v e r t e r s .  

4. Component power requirements were taken from re fe rence  3. 

5 .  Entry and post landing b a t t e r i e s  - Three b a t t e r i e s  were considered 
i n  supplying the  t o t a l  spacec ra f t  power requirement f o r  e n t r y ,  parachute 
descen t ,  s t a b i l i z a t i o n  per iod a t  impact, and post landing.  A b a t t e r y  
capac i ty  of 40 A-h per  b a t t e r y  w a s  assumed with 120  A-h a v a i l a b l e  p r i o r  
t o  CM/SM separat ion.  

6 .  No venting of cryogenic oxygen or hydrogen w a s  assumed. 

7 .  The phase du ra t ion  used w a s  

Earth parking o r b i t ,  h r  . . . . . . 1.97 
Translunar c o a s t ,  h r  . . . . . . . 74.60 

Transearth c o a s t ,  h r  . . . . . . . 89.50 
T o t a l  t i m e ,  h r  . . . . . . . . . . 

Lunar o r b i t ,  h r  . . . . . . . . . . 50.00 
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T o t a l  usable  for mission planning 

Uncertainty i n  EPS p r o f i l e  

Nominal mission prelaunch requirements 

F l i g h t  (power and purge ) 

ECS requirements 

1 Margin 

TABLE 7-11.- CSM CRYOGENICS SUMMARY 

11.8 
i 

Item 

92.6 1 27.4 

1 T o t a l  loaded I 58.4 

2.4 

1 . 5  

54.5 

3.6 

3.2 

35.9 

'27 Ib 

653.0 

13.0 

17.0 

623.0 

28.5 

31.6 

285.2 

136.2 

141.5 

TABLE 7-111.- CM BATTERY REQUIREMENTS FOR 

ENTRY AND POSTLANDING 

It em 

Available b a t t e r y  . . . . . . . . . .  
Used for CM/SM sepa ra t ion  

t o  e n t r y  . . . . . . . . . . . . .  
Parachute descent . . . . . . . . . .  
Used for two upright ings . . . . . .  
Used for 48 hours postlanding 

T o t a l  r equ i r ed  . . . . . . . . . . .  
Remaining . . . . . . . . . . . . . .  

. . . .  

Requirement A-h 

120.0  

1 5 . 0  

5 .8  

8.4 

63.4 
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Fuel c e l l  H 2 ,  r equ i r ed ,  
c u r r e n t ,  A lb T i m e  

TABLE 7-1v.- PRELAUNCH CSM FUEL CELL 

02, r equ i r ed ,  
lb 

c 

~ 

T - 22 hr t o  T - 3 hr 

T - 16.5 h r  t o  T - 3 h r  

T - 3 h r  t o  T - 2 hr 

T - 2 hr t o  T - 0 hr 

4.25 h r  launch window 

T o t a l  

Time 

T - 22 hr 

T - 16.5 hr 

45 

45 

45 

90 

90 

-- 

1.6 

.1 

-5 

1.0 

3.2 

(b) Procedures 

17.5 

1 .2  

4.1 

8.8 

31.6 

Event 
~~ 

Complete loading 0 and switch t o  i n t e r n a l  2’ 
0 for f u e l  c e l l  requirements 2 

Complete loading H and switch t o  i n t e r n a l  2’ 
H for f u e l  c e l l  requirements 2 



8.0 THE CSM ECS ANALYSIS 

TABLE 8-1.- ASSUMPTIONS USED FOR THE ECS ANALYSIS 

1. Metabolic 0 r a t e  was 0.0766 l b / h r  f o r  each man. 2 

2. Waste management 0 r a t e  was 0.051 l b / h r  f o r  t h r e e  men. 2 

3. Cabin l e &  rate w a s  0.2 l b / h r .  ( L e a k  r a t e  of t h e  0 during t h e  docked 

conf igu ra t ion  wi th  t h e  hatch open w a s  .5 l b / h r . )  
2 

4. O2 purge rate of t h e  water tank was 0.056 l b / h r .  

5 .  
system during t h e  f irst  5 hours of t h e  mission t o  c r e a t e  a near  oxygen 
atmosphere i n  t h e  cabin.  

A t o t a l  of 4.5 l b  of 0 w a s  purged through t h e  waste management 2 

6.  
p r e s s u r i z a t i o n  of 7 .1  lb. ) 

Three p r e s s u r i z a t i o n s  of t h e  LM were assumed (only  one w a s  a f u l l  

TABLE 8-11.- CSM ECS OXYGEN REQUIREMENTS 

I t e m  

Metabolic 

Waste management 

Cabin leakage 

Water tank  purge 

P res su r i za t ion  

To ta l  

0, r equ i r ed ,  l b  

47.8 

10.6 

47.8 

12.1 

18.9 

136.2 



9.0  THE LM EPS ANALYSIS 

1600 

56 

560 

9 84 
- 

TABLE 9-1.- LM EPS ASSUMPTIONS 

592 

44 

444 

104 

1. 
c a p a b i l i t y  was 296 A-h per b a t t e r y .  

Descent b a t t e r y  capaci ty  w a s  400 A-h pe r  b a t t e r y  and ascent  b a t t e r y  

2.  
c a p a b i l i t y  of accept ing e l e c t r i c a l  energy from t h e  CSM. 

The ascent s t a g e  u t i l i z e d  f o r  t h i s  mission d id  not have t h e  

3. The ascent b a t t e r i e s  w e r e  considered t o  be p a r a l l e l e d  with t h e  descent 
b a t t e r i e s  1 5  minutes p r i o r  t o  s t ag ing .  

4. No PGNCS were considered ope ra t ive  during t h e  CSM a c t i v e  rendezvous. 

TABLE 9-11.- LM EPS SUMMARY 

Total b a t t e r y  capac i ty  

Unusable 

Required fo r  Mission 

Total usable remaining 

I Descent, A-h Ascent, A-h I 

. 
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TABLE 10-1.- LM ECS ASSUMPTIONS 

( a )  Assumptions for O2 consumption 

1. Cabin O2 l e a k  rate 0.2 lb /hr .  

2. Metabolic 0 consumed was (1.643 x t o t a l  metabolic r a t e .  2 

3. There were no p res su r i za t ions .  

( b )  Assumptions for t h e  water balance ana lys i s  

1. S t r u c t u r a l  h e a t  load  w a s  1000 B. t .u . /h r .  

2 The LIOH-C02 r e a c t i o n  r equ i r e s  (1.640 x ( t o t a l  metabolic r a t e )  

l b / h r  of H20. 

for cool ing  due t o  t h e  hea t  generated.)  

(This  includes the  water produced minus t h e  water used 

3. A water l o s s  of 0.22 l b / h r  due t o  mic tura t ion .  



TABLE 10-11.- LM ECS SUMMARY 

Usable 4.1 

R e  qui r ed 1.5 

Remaining 2.6 

-1 Descr ipt ion 

80.4 

68.4 

12.4 

1 Descent s t a g e  

Usable 1 -  

. 
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